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Remarks 

Applicants acknowledge and appreciate the September 24, 2007 interview between the 
Examiner and the undersigned. 

Enablement 

In the instant Office Action, claims 1-4, 7-11 and 14 are pending and have been rejected 
under 35 USC § 1 12 based on the contention that the specification does not fully enable their 
scope. In imposing this rejection, it is asserted that the relevant art area is unpredictable, and that 
U.S. Patent No. 5,001,051 discloses that treatment of cancer is extremely dose dependent. From 
this the Examiner has argued that the occurrence of side effects due to chemotherapeutic toxicity 
is highly unpredictable outside of a very narrow dose range. 

In response, Applicants first submit that, irrespective of whether the general occurrence 
of some side effects associated with chemotherapeutic toxicity is unpredictable, the present 
claims are drawn specifically to reducing alopecia caused by cylcophosphamide administration. 
Therefore, the presently pending claims have a significantly refined focus relative to the panoply 
of side effects that may or may not occur across various dose ranges for the broad spectrum of 
distinct chemotherapeutic agents known in the art. 

Applicants further submit that a skilled artisan would know that alopecia is a predictable 
side effect of cyclophosphamide administration.. In support of this, Applicants courteously 
direct the Examiner's attention to the enclosed declaration under 37 CRF § 1.132 from Dr. 
Youcef M. Rustum, who is an inventor on the present application. As is evident from Dr. 
Rustum's declaration (Item 3) and the references referred to therein and submitted herewith, 
alopecia is a predictable side effect that has long been known to regularly occur with 
cyclophosphamide treatment. For example, as declared by Dr. Rustum, the reference of Cline 
(Cancer Nursing (June, 1984) p221 - 228) establishes that alopecia is known to be a common 
side effect of cylcophasphamide administration, and that it occurs in the vast majority (75-90%) 
of patients receiving cyclophasphamide via intravenous administration. Furthermore, as Dr. 
Rustum has declared, the reference of Seipp (Cancer Principles & Practice of Oncology, (1977) 
Vol. 2, 5th Edition, Devitta, Jr., Hellman & Rosenberg Editors, p. 2757-2758) discloses that 
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alopecia is common after two cycles of cyclophosphamide administered at recognized 
chemotherapeutic doses. Thus, notwithstanding the disclosure of U.S. Patent No. 5,001,051, 
Applicants submit that one skilled in the art at the time the present application was filed would 
know that alopecia is a predictable side effect of cyclophosphamide administration. 

Applicants note it is asserted in the Office Action that, based on the reference of Sieja 
(Pharmazie, 55: 958-959, 2000) one would have expected selenium to have no effect on alopecia 
caused by cyclophosphamide administration. 

In response, Applicants point out that the reference of Seija et al. describes a clinical trial 
in which patients were administered a combination of cisplatin and cyclophosphamide (see page 
1, left column, lines 9-10). Details of this trial are provided under the heading "Experimental" 
on page 959, left column, lines 12-15, where the therapy is described as "multi-drug 
chemotherapy" and indicated to comprise cisplatin and cyclophosphamide. Therefore, it is clear 
that the effects of selenium on reducing alopecia caused by administration of cyclophosphamide 
alone were not evaluated in this reference, and that Seija et al. is not relevant to establishing 
pertinent expectations of one skilled in the art at the time the present application was filed. 
(Nevertheless, Applicants concur that the presently claimed invention would be not be expected 
by one skilled in the art at the time the present application was filed.) 

The Examiner asserts that the specification provides no guidance for reducing hair loss 
outside of the specific regimes actually tested. In imposing this rejection, it is notable that the 
Examiner has recognized that determining proper dosage, administrative routes and schedules 
generally requires no more than routine experimentation on the skilled artisan's part. However, 
in this particular case, the Examiner has deemed the degree of unpredictability involved in the 
invention to be extreme, and has therefore contends that this cases warrants "the unusual finding 
of lack of enablement for general, unspecified dosages and administrative routes/schedules." 
(See page 5 of the Office Action). 

In response, Applicants appreciate the Examiner's recognition that imposing a lack of 
enablement rejection for the present claims is unusual. However, Applicants submit that Dr. 
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Rustum's declaration and the aforementioned references cited therein establish on the record that 
alopecia is in fact a predictable side effect of cyclophosphamide administration, and therefore the 
present application does not subsist in an extremely unpredictable art area. In view of this, 
Applicants submit that determining dosage regimes for the presently claimed selenium 
containing agents for use in reducing alopecia caused by cyclophosphamide administration 
would not require undue experimentation, given the benefit of the present disclosure. In support 
of this, the Examiner is directed to Dr. Rustum's declaration (Item 4) and the enclosed reference 
of Fakih et al. (Cancer Chemother Pharmacol. (2007 Nov 8) [Epub ahead of print]) on which Dr. 
Rustum is an author. As Dr. Rustum declares, this reference discloses a phase I study for 
determining recommended doses of selenomethionine that consistently result in protective 
plasma selenium concentrations. Applicants submit that it is self-evident that conducting clinical 
studies are well within the purview of those skilled in the art. Following the discovery of the 
protective effect of selenium on cyclophosphamide-induced alopecia by the present inventors, it 
is clear that optimizing the dosage, administration and scheduling of treatment with seleno-L- 
methionine and methylselenocysteine can be routinely performed by clinicians using standard 
procedures. Accordingly, undue experimentation is not required to practice the invention 
commensurate with the full scope of the instant claims. Removal of the stated rejection is 
therefore respectfully requested. 

Definiteness 

All of the claims stand rejected under 35 USC § 1 12 as being indefinite (page 6 of the 
Office Action). The Examiner asserts that claim 1 and claim 8 do not specify any specific 
therapy or type of therapy in which the claimed dosages are effective, and that therefore 
"therapeutically effect dose" (claim 1) and "therapeutic dose" (claim 8) are indefinite terms. 
However, the Examiner has conceded that the specification provides guidance of the term 
"effective" within the context of the treatment of cancer. 

In response, Applicants respectfully point out that claim 1 and claim 8 are drawn to a 
method for reducing alopecia induced by the administration of cylcophosphamide "to an 
individual in need of treatment". Accordingly, the terms "therapeutically effect dose" (claim 1) 
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and "therapeutic dose" (claim 8) refer to an individual who is in need of cyclophosphamide 
treatment, and as set forth herein and in Dr. Rustum's declaration, effective amounts of 
cyclophosphamide are known and/or can be determined by routine experimentation. Thus, 
Applicant submit the claims are not indefinite. If the Examiner is of the opinion that there are 
any remaining issues in allowing the present application, the Examiner is encouraged to contact 
the undersigned by telephone. 



Based on the above amendments, Applicants believe that claims 1-4, 7-11 and 14 are now 
in a condition for allowance and therefore respectfully request the Examiner to allow these 
claims. 

Applicants herewith request a two-month extension of time to file this response. Any 
additional fees due may be charged to Deposit Account No. 08-2442. 



Hodgson Russ LLP 

The Guaranty Building 

140 Pearl Street, Suite 100 

Buffalo, New York 14202-4040 

(716) 848-1628 

Dated: December 17, 2007 



Conclusion 
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Prevention of chemotherapy- 
induced alopecia: 
A review of the literature 

BRENDA WIMER CLINE, R.N., M.S.N. 



abstract Alopecia la a common yet distressing skte effect 
of cancer chemotherapy. Many methats to prevert this hair loss 
have been reported In the literature. This article focuses on the 
theoretical basis for using either the scalp tourniquet, scalp 
hypothermia, or a combination of both to prevent chemother- 
apy induced atopecia. Ad 

review of research studies utilizing these methods. Tables 
summarizing and comparing the various research studies are 
presented. Limitations of these studies are addressed with 
recommendations for future research and practice. 



Chemotherapy-induced alopecia continues to be a 
psychologically distressing side effect for the cancer 
patient undergoing treatment Depentfng upon me degree 
of importance placed on the hair by the patient, alopecia 
can cause negative changes In body image, decreased 
social activity, and altered interpersonal relationships. 3 ' 27 
Because nurses today are actively involved In both ad- 
ministering chemotherapy and preventing deleterious side 
effects, methods available to prevent chemotherapy- 
induced alopecia are of interest This review of literature 
will focus on the following areas: 1) the conceptual 
framework underlying the use of a scalp tourniquet or 
scalp hypothermia to prevent chemotherapy-induced 
alopecia; 2) research published in this area; and 3) impli- 
cations for nursing research and practice. 



Brenda Wtmer Clfne Is an Oncology Clinical Specialist al Magee- 
Womens Hospital, Pittsburgh, Pennsylvania* 



Conceptual Framework 

Cancer chemotherapy exerts its effect on both ma- 
lignant and normal ceils which have a high mitotic activity. 
Rapidly dividing normal cells frequently affected by che- 
motherapy include those in the bone marrow, epithelial 
lining of the mouth and gastrointestinal tract, and hair 
follicles, At any given time, 90% of human hair follicles 
are in the anagen or actively dividing phase; therefore, it 
is this large proportion of hair follicles that is susceptible 
to chemotherapy's deleterious effects, 6 

Hair loss from chemotherapy occurs either by total 
atrophy and loss of the hair root bulb or, more frequently, 
by partial atrophy of the bulb causing constriction of the 
hair shaft. 6 The hair shaft then breaks off easily with any 
trauma such as washing or combing. Alopecia Induced by 
chemotherapy is reversible. Regeneration of hair growth 
occurs within 1-2 months after discontinuation of 
therapy. 4 

The degree of hair ioss from chemotherapy Is both 
drug and dose-dependent Doxorubicin and cyclophos- 
phamide are two of the more notorious epilators. Clinical 
trials document a consistent 85-100% hair loss by pa- 
tients receiving doxorubicin. 2 23 Furthermore, severe 
alopecia occurs in 75-90% of patients receiving intra- 
venous cyclophosphamide. 5 ' 20 Other agents known to 
cause varying degrees of alopecia Include: vincristine, 
actinomycin D, bleomycin, daunomycin, methotrexate, 
5-fiuorouracfl, hydroxyurea, mitomycin C, and VP-16- 
213 28 

Methods utilized to prevent chemotherapy-induced 
alopecia include the scalp tourniquet, scalp hypothermia, 
or a combination of both. Theoretically, the scalp touml- 
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quet wfll temporarily constrict circulation to the superficial 
scalp vessels thereby decreasing the amount of chemo- 
therapy able to perfuse the hair follicles. The rationale for 
the use of scalp hypothermia Is similar. Scalp cooling will 
cause vasoconstriction of the scalp vessels, thus mini- 
mizing drug contact with the scalp and hair follicles. This 
method has the additional theoretical benefit of reducing 
the temperature-dependent cellular uptake of drugs such 
as doxorubicin. 14 Also, scalp cooling may decrease the 
metabolic rate of hair follicles making them less sus- 
ceptible to the toxic effects of chemotherapy drugs. Ide- 
ally, combining both methods will potentiate the benefits 
of each. 

In theory, these methods need to be utilized only 
during peak plasma drug levels. For example, doxorubicin 
has a relatively short Initial half-life of approximately 30 
minutes. 11 * 29 Presumably, the scalp would need to be 
protected only during this time. Conversely, cyclophos- 
phamide has a plasma half-life of over 6 hours after being 
metabolized by the liver. 4 - 5 This extended hal!4ife would 
necessitate lengthy use of a scalp tourniquet or scalp 
hypothermia In order to sufficiently protect the scalp. 

When using the scalp tourniquet or scalp hypother- 
mia, the type of neoplastic disease process must be 
considered. These methods are not recommended in pa- 
tients with either hematologic neoplasms which have a 
high Incidence of scalp metastases (l.e., leukemia, lym- 
phoma) or solid tumors with known scalp metastases. 28 - 29 
Since these techniques may prevent delivery of cytotoxic 
agents to both normal hair follicles and harboring tumor 
cells In the scalp, the procedural risk to each individual 
patient must be weighed carefully. 

In summary, the rationale for utilizing scaltf hypo- 
thermia and/or scalp tourniquet to prevent chemother- 
apy-Induced alopecia is based primarily, on normal hair 
growth patterns, theorized local effects to the scalp, and 
drug pharmacokinetics. In addition, the type of neoplastic 
disease process must also be considered when instituting 
these techniques. 



Review of Literature 

Early studies of scalp tourniquet use were primarily 
anecdotal. Hennessey 13 used an inflatable scalp tourniquet 
on breast cancer patients receiving cyclophosphamide 
intravenously. Just prior to chemotherapy injection, the 
scalp tourniquet was inflated to 1 0 mm Hg above the pa- 
tients systolic blood pressure. It then remained inflated for 
5 minutes. Hennessey reported a continuance of "some 
hair loss," but no further Instances of complete alopecia 
since using the tourniquet 

O'Brien et al 22 utilized the same tourniquet method 
and timing as Hennessey in children with cancer receiving 
vincristine. They report "obvious" alopecia developed In 



only three out of 20 children. Unfortunately, neither Hen- 
nessey nor O'Brien et al. utilized a control group to com- 
pare hair loss. In addition, terms such as "obvious" or 
"complete" alopecia were not operationally defined. 

Using a minimum scalp tourniquet pressure of 240 
mm Hg just prior to and for at least 7 minutes after drug 
injection, Lyons 19 reported no alopecia in 20 patients 
treated with a 5-day course of cyclophosphamide, 5-flu- 
orouracil, vincristine, and methotrexate. No rationale was 
given for the extremely high tourniquet pressure used in 
this uncontrolled study nor were drug dosages speci- 
fied. 

One of the first comparative studies utilizing a control 
group was done by Pesce et al. 24 Their nonrandomized trial 
included 73 patients receiving similar doses of doxorubi- 
cin, cyclophosphamide, and vincristine or VM-26. Tour- 
niquet pressure was maintained at 30-50 mm Hg above 
systolic pressure for 5 minutes prior to and 20 minutes 
after chemotherapy, in the tourniquet group, 67.5% (n = 
25) had "no or minimal hair loss" while 32.5% (n = 12) 
experienced alopecia. In the controJ group, 29% (h - 9) 
had "no or minimal hair loss" while 71 % (n - 22) expe- 
rienced alopecia. Operational definitions of alopecia and 
"no or minimal hair loss" were not given. Additionally, 
these results are clouded by the unexplained exclusion of 
five patients from the final data. 

Soukop et al. 25 compared scalp tourniquet use In 
patients receiving similar doses of doxorubicin, cyclo- 
phosphamide, and vincristine. In the randomly assigned 
experimental group (n = 14), the tourniquet was Inflated 
to 10 mm Hg over systolic pressure immediately before 
and for 30 minutes after chemotherapy administration. No 
tourniquet was used In the control group (n = 19). Final 
results Indicated that alopecia was universal in bo* 
groups. However, the mean time to alopecia was delayed 
In the tourniquet group ( 1 0.3 weeks) as compared with the 

control group (4.2 weeks). 

Focusing on doxorubicln-lnduced alopecia, Lovejoy 
inflated a scalp tourniquet to 50 mm Hg above systolic 
pressure prior to, during and for 15 minutes after drug 
administration. Evaluation of hair loss took place after 
cumulative doses of 180-315 mg/m 2 were reached. Three 
independent judges viewed patient photographs and 
graded hair loss according to 5% Intervals. Patients in the 
experimental group experienced 17 ± 14% hair loss 
(range = 1-26% while the control group exhibited 69 ± 
32% hair loss (range - 33-95%). The significance of 
these results is limited by the extremely small sample size 

of only six patients. 

Holmes 15 compared the effectiveness of a penrose 
scalp tourniquet in a nonrandomized trial of 29 patients 
receiving doxorubicin and/or cyclophosphamide. The 
rubber tourniquet was applied by the patients in the ex- 
perimental group 5 minutes before, during, and after 
chemotherapy for a total of 15 minutes. Patients were 
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instructed to save any hair lost on a daily basis. Investi- 
gators counted hair loss samples to determine average 
daily hair loss. The control group exhibited a styiificantly 
larger daily hair loss than the experimental group. How- 
ever, despite Comparable cyclophosphamide closes be- 
tween groups, a greater number of patients In the control 
group (n= 1 1) received doxorubicin at larger doses (mean 
= 74.09 mg; median = 70 mg) than the experimental 
group {n = 8; mean = 51.75 mg; median = 40 mg). This 
weakens the significance of these results. Not surprisingly, 
average daily hair loss was significantly greater at cu- 
mulative doses larger than 200 mg of doxorubicin and 
3, 500 mg of cyclophosphamide. This supports the direct 
correlation between hair loss and drug dosage. 

Finally, Maxwell 21 found no statistically significant 
difference In tourniquet versus no tourniquet use in nine 
male patients receiving cyclophosphamide, methotrexate, 
vincristine, and actinomycin. In the experimental group, 
the tourniquet was inflated to 10 mm Hg above systolic 
pressure just prior to treatment Patients were instructed 
how to control the tourniquet pressure themselves. As a* 
result, tourniquet pressure and timing during and after 
chemotherapy administration were variable. This Incon- 
sistency in methodology weakens the significance' of the 
study results. 

Concurrent research of scalp hypothermia has fo- 
cused solely on preventing doxorubldrv-induced alopecia. 
Luce et al, 16 devised a plastic helmet attached to a room 
air conditioner to cool patients' scalps to 18-28°C 5 
minutes prior to and 10-20 minutes after doxorubicin in- 
jection. The 12 patients who underwent scalp cooling lost 
approximately 30% of their hair as opposed to 80% hair 
loss In the control group (n = 16). Drug dosages were not 
specified and evaluation of hair loss took place after only 
one treatment. 

EdeJstyn et aL 10 molded frozen cryogel bags to the 
scalp for 10 minutes before and 30 minutes after admin- 
istration of doxorubicin, vincristine, and 5-fluorouracil. Of 
the 77 randomized patients, 81 % (30/37) of the control 
group had "severe to total alopecia 1 ' as compared with 
only 50% (20/40) of the scalp cooling group experiencing 
the same degree of hair loss. Methods utilized to define 
the degree of alopecia were not specified. Mention was 
made to the researchers' difficulty in keeping the cryogel 
tegs in position which they felt resulted in inadequate 
cooling. 

Using cashed Ice in plastic bags. Dean eta!. 7 cooled 
Patients' scalps to 23-24°C 5 minutes prior to and 30 
minutes after intravenous doxorubicin administration. 
Evaluation of hair loss was done prior to each treatment 
both the patient and nurse examiner utilizing a graded 
Wng scale and subject photographs. Overall, 20 out of 
33 patients had "good protection" (25-50% hair loss) 
against alopecia throughout all cycles of treatment. Dean 
compares this success rate with a 95% Incidence of total 



alopecia in an historical control group of similar patients. 
Significantly, the degree of protection against hair loss was 
inversely proportional to the dose administered, i.e., those 
receiving greater than 50 mg of doxorubicin experienced 
decreasing protection with each course of treatment. 
Similar results were reported in a replication study by Dean 
et al. 8 utilizing a commercial product, Kold Kap® instead 
of crushed ice. 

Timothy et al. 26 anecdotally report success In using 
Ice packs applied to the scalp 20 minutes before and 20 
minutes after doxorubicin injection. They cite two in- 
stances where patients maintained their scalp hair using 
hypothermia despite almost complete epilation of pubic 
and axillary hair. 

More recently, Anderson et al. 1 devised a cooling cap 
of frozen polyethylene gel packs molded together and 
applied to the scalp 15 minutes before and at least 30 
minutes after chemotherapy. This method is unique be- 
cause It Includes first wetting the patient's hair and cov- 
ering it with a wet crepe bandage "to reduce the amount 
of trapped air under the cap and thus improve conduction." 
Treatment drugs included doxorubicin and vincristine or 
vindesine. Evaluation of hair loss was done prior to each 
course and at the end of treatment by the research nurse 
using a graded rating scale. No control group was used. 
Of the 28 patients who underwent scalp cooling, 12 had 
"no substantial hair loss" and 10 experienced only "minor 
hair loss." Interestingly, of the nine patients with liver 
function abnormalities, six experienced severe to total 
alopecia The authors suggest scalp hypothermia may not 
be effective in patients with decreased liver metabolism 
due to prolonged plasma concentration of doxorubicin. 

Guy et al. 12 utilized a plastic nylon cap with liquid 
coolant flowing from a thermoclrculator. Scalp cooling to 
25°C was initiated 15 minutes prior to treatment with 
doxorubicin, vincristine, cyclophosphamide, and metho- 
trexate. Cooling continued for 30 minutes after drug in- 
jection. Evaluation of hair loss was done by patients and 
Investigators using subject photographs. Of the 12 patients 
studied, eight had "no or very slight hair loss," while four 
had "slight to moderate hair loss." Again, no control guup 
was used. 

Finally, Dugan 9 studied the scalp hypothermia ef- 
fectiveness of the commercial product, Chemocap.* 
However, the tourniquet included with the Chemocap* was 
not utilized. The nonrandomized study groups included 
patients with oat cell carcinoma of the lung receiving 
similar doses of doxorubicin, cyclophosphamide, and 
vincristine. No significant difference in hair loss was noted 
between the Chemocap* versus no-Chemocap® groups. 
All patients had severe hair loss after 6 weeks. An im- 
portant influencing factor may be the addition of total brain 
irradiation during the fifth week. Certainly, the effect of 
radiation-induced alopecia must be considered in these 
findings. 
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Only one study has combined the use of both scalp 
hypothermia and scalp tourniquet. Kennedy et a!. 16 also 
studied the commercial product, Chemocap.® but utilized 
both the coding cap and the scalp tourniquet After being 
applied to the scalp for 10 minutes, the special frozen cap 
is temporarily removed and a nohlnflatable scalp touir^ 
quet applied. The combination treatment continues for an 
additional 10 minutes prior to chemotherapy and for 30 
minutes after drug injection. Treatment drugs Included 
doxorubicin and/or cyclophosphamide. This randomized 
controlled trial revealed no significant difference in hair 
loss between control (n - 9) versus experimental (/? ■ 10) 
groups. Because all five subjects with liver metastases 
(experimental = 4; control = 1) had alopecia after one or 
two treatments, the authors also suggest these methods 
may be Ineffective In patients with liver function abnor- 
malities. 



Discussion 

This review of literature on preventing chemother- 
apy-Induced alopecia has revealed some promising initial 
studies. However, prior to utilization of this research In 
oncology nursing practice, some shared study limitations 
must be addressed. First, there are widely varying tour- 
niquet pressures used in the scalp tourniquet studies {Table 
I), This may be due to the lack of physiological studies 
which specifically define optimal scalp tourniquet pres- 
sure. Nevertheless, such a wide range of tourniquet 
pressures in these studies makes It difficult to compare 
study results accurately. 

As summarized in Table II, the scalp hypothermia 
studies utilize a variety of scalp cooling methods ranging 
from crushed ice to liquid coolant Whether one cooling 
method Is superior cannot be ascertained from these Initial 
studies. Again, the lack of consist 
and resulting temperatures limits direct comparison be- 
tween studies. 

Common to both scalp tourniquet and scalp hypo- 
tonia research are variations in timing schedules used. 
As illustrated In Table I, prechemotherapy timing of the 
scalp tourniquet is fairly consistent— usually Just prior to 
chjg Injection. However, the amount of time the tourniquet 
remains Inflated after drug injection Is much more variable, 
ranging from 5 to 20 minutes. In the scalp hypothermia 
studies, prechemotherapy cooling studies range from 5 
to 20 minutes, while postchemotherapy cooilng approxi- 
mates 30 minutes (Table II). Optimally, the timing schedule 
of either method should be based on drug pharmacoki- 
netics as cBscussed previously. However, with the current 
trend toward combination chemotherapy, multiple drug 
halMh/es often need to be considered. Not only do these 
<8fferences In timing schedules limit comparison of these 
studies, they also point out the need for more in-depth 



investigation into drug pharmacokinetics when planning 
proper timing of these methods. 

It is also Important to note the different types and 
doses of chemotherapy agents used In these studies. Most 
of the more recent research has focused on preventing 
doxorubicln-induced alopecia which, theoretically, may 
be the most preventable due to its unique short initial 
half-life and temperature-dependent cellular uptake. 
However, two important factors need to be considered 
here. First, in addition to doxorubicin, most of the patients 
In these stucfles are concurrently receiving numerous other 
chemotherapy drugs which also cause varying degrees 
of alopecia Additionally, many of these trials study dif- 
ferent doses of doxorubicin (Tables I, II, and III). Since 
several studies have supported the occurrence of greater 
hair loss at higher cumulative doses of doxorubicin and 
cyclophosphamide, 8 ' 16 these drug factors tend to cloud 
Study results if not controlled properly. Both the type and 
dose of chemotherapy must be considered carefully not 
only when designing future research studies, but also when 
weighing the significance of study results. 

Another methodological weakness of these studies 
Is the lack of randomized, controlled trials. Only five out 
of 16 studies utilize a randomized control group, while an 
additional four studies utilize a control group, but without 
random assignment As noted with Holmes' 15 scalp tour- 
niquet trial, lack of randomization can result in a dispro- 
portionate rwmber of patiente in one 
dug doses. Certainly, further trials of these methods would 
be strengthened by the Inclusion of randomization ami 
control groups within the study design. 

The Inherent difficulty In attempting to measure or 
quantify hair loss Is a universal problem In these studies. 
As summarized in Tables I* 11, and III, various assessment 
methods have been utilized to measure alopecia These 
range from counting Individual hairs to grading hair loss 
from subject photographs. Assessment of pretreatment 
hair condition (l.e., amount, thickness, balding patterns, 
etc.) is addressed inconsistently. Most of the assessment 
parameters, if even specified, vary from study to study with 
rare attention to their reliability and validity. 

After assessment of hair loss, terms such as "mini- 
mal" or "significant" alopecia or graded scales have been 
used to further quantify to degree of alopecia experienced. 
These terms and graded scales also vary from study to 
study and are Inconsistently operationally defined. Once 
again, it is difficult to compare tile findings as a whole due 
to inconsistent assessment and measurement criteria. 

This review of literature has addressed numerous 
problematic areas evident in the published research on 
prevention of chemotherapy-Induced alopecia. These 
Include study variations with regard to tourniquet pressure, 
cooling methods, time schedules, type and dose of che- 
motherapy, randomization and control groups, and hair 
loss assessment and measurement parameters. These 
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Summary 



Source 



Randomization 
control group 
Method 

Timing (minutes) 
baf ore/after 
drug Injection 

Chemotherapy 
agents and 
doses (mg) 
No. of courses 
No. of subjects 



Assessment parameters 

for measuring 

alopecia 
Results 



TABLE 111 

nf combination Study 

Kennedy etal. 
(1983) 

+ 

Chemocap* 
Tourniquet 10/30 
cooling cap 20/30 

POX 20-125 mgl.V. 
CYC 300-900 mg I.V. 

2-6 
19E= 10 
C* 9 

Subject photos 
graded scale 



of alopecia 
(After 2 treatments) 
E = 80% n = B 
C«77% n = 7 
No significant 
difference 



Hotes: E - experimental group: C * control group: CYC * cyclo- 
phosphamide; 0OX * doxorubicin. 



limitations could be addressed infuture resear* studtes 
by careful consideration of the following; 1) randomized, 
controlled study design; 2) drug dosage^pton^; 
netics; 3) reliability and validity of assessment 
and 4) operational definitions of the degree of hair loss. 

Additionally, the Influence of liver dy^lon on 
chemotherapy-induced atopecia shoukJ be 
to determine If these treatment modalities are f eastole In 
patients with liver metastases. Another ^J^J 
needs to be addressed is the Influence of pretreatmertl^ 
condition on hair loss from chemotherapy, I*. «■ poor 
hair condition potentiate alopecia due to In^ ^am^ 
and breakage. Perhaps those patlen^w.u^mag^ h*r 
would ncrt be optimal candid^ 
influence on hair loss by such such varlabtes tsmtoh 
trrtton, surgical anesthesia, and concurrent medicals 
such as anticoagulants must also be address* Mn fuUje 
studies. Only by further research. resoWing these nu- 
m proJematlc areas, will definitive data be available 
with which to predict optimal individual pc 

these methods. 

Clearly, prevention of alopecia is an exciting concept 
with tremendous implications for improj/ing P*^& 
aptation to chemotherapy. However, atthe pr^lm 
direct utilization of these methods in the clinical setting 
must be done carefully and cautiously with grave consid- 



eration of the limitations of these studies. Without more 
Sve research on the ability of the- scalp tourniquet 
hypothermia to prevent ohem>^py^ 

w^pSembenemagalnsttheris^ 
fortrpatient safety, and consumer cost As P^ent a^ 
Stes researchers, and consumers of research, nurses 
S^a^Snslbillty to use prudent!^ * 
corporatingttiese techniques Into clinical practice. □ 
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SECTION 6 . CLAUDIA A. SEIPP 

Hair Loss 



Alopecia is a psychologically distressing, yet common side ef- 
fect of many chemotherapeutic agents and radiation therapy. 
As patients embark on new therapies, hair loss can induce a 
negative body image, alter interpersonal relationships, and 
arouse enough anxiety to cause some patients to reject poten- 
tially curative treatment. In one study, 88 percent of women 
who received perioperative chemotherapy for early breast can- 
cer considered alopecia to be the most burdensome aspect of 
therapy. 1 

Frank discussion of the problem by clinicians and oncology 
nurses with recognition of the patient's stress is helpful in pre- 
paring the patient to confront this loss. 2 Although current 
methods for the prevention of total scalp hair loss or the use of 
wigs after hair loss are not entirely satisfactory for all patients, 
caregivers can offer psychological support and some practical 
suggestions. Often the presence of a spouse, family member, 
or friend during this discussion with the patient is helpful in 
placing the problem in perspective. 

The hair loss caused by scalp irradiation is unpredictable. 
Epilation can begin at doses of 500 cGy and generally pro- 
gresses with spotty areas of baldness as the course of treatment 
continues. The prospects for hair re growth diminish with in- 
creasing doses. 3 Radiation ports on extremities have been 
noted to be hair-free 10 years after radiation therapy and may 
never have hair regrowth. In lower-dose ranges regrowth be- 
gins 8 to 9 weeks after cessation of therapy. Patients should be 
cautioned that the new hair may be different in character from 
the pretreatment hair. 4 

The extent of body hair loss by patients in any chemothera- 
peutic program is both drug- and dose-dependent and is 
related to the frequency of cycle repetition Often it is caused 
by more than one drug being used concurrently (Table 53.6- 
1). Long-term therapy may result in loss of pubic, axillary, 
and facial hair as well as scalp hair. It should be emphasized 
to patients that alopecia from chemotherapy is reversible, 
with hair regeneration beginning 1 to 2 months after therapy 
is discontinued. Alteration in color and texture of hair may 
occur: hair may be a lighter or darker shade and is often 
curlier as it regrows. 6 Hair loss may begin 1 to 2 weeks after 
a single chemotherapeutic dose and reaches maximum loss 
within 2 months in most drug sequences. Doxorubicin and 
cyclophosphamide are common cytologic agents known to 
cause epilation after two cycles at doses of doxorubicin above 
50 mg/m 2 and cyclophosphamide above 500 mg/m 2 . Al- 
though agents differ in the degree to which they cause hair 
loss, alopecia may be expected with other single-agent antibi- 
otics, alkylators, nitrosoureas, and especially their combina- 
tions. 7 

HEAD COVERING 

Most patients choose to cover their heads during periods of 
hair loss. Nurses and clinicians can suggest wigs or head cover- 
ing with stylish scarves, turbans, or hats. Wigs should be se- 
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lected before hair loss begins so that the patient is prepared 
when alopecia occurs and so that hair color and style can be 
matched. Hairpieces are tax-deductible medical expenses and 
are covered by some medical insurance policies. Several small 
private businesses have been developed by former patients who 
distribute or sell head coverings of various designs. An Ameri- 
can Cancer Society (ACS) rehabilition program called "Look 
Good, Feel Better" has been developed in partnership with 
the National Cosmetology Association and the Cosmetic, Toi- 
letry and Fragrance Association Foundation specifically to as- 
sist women to compensate for hair loss and skin changes during 
cancer treatment. 8 Volunteer beauticians and cosmetologists 
help women look better and feel mbre comfortable with 
changes in their appearance such as dry, discolored, or 
blotching skin, discolored nails, and alopecia. Information 
about group programs and their location is available through 
an ACS hotline 1-800-395-LOOK. The support program is 
active in all 50 states and Puerto Rico with a group designed 
for teenagers anticipated in the future. 



PREVENTION OF ALOPECIA 

Since 1966, interventions have been proposed to prevent 
, scalp hair loss from chemotherapy. 9 The rationale for these 
procedures is to prevent drug circulation to the hair follicles 
by causing temporary vasoconstriction and decreasing tissue 
metabolism at the time of peak plasma drug level, with either 
an occlusive scalp tourniquet or localized hypothermia. The 
pharmacokinetic profiles of the drugs to be used should be 
understood before either of these methods is considered. 
Scalp cooling systems must maintain temperatures below 
22°C to have any effect. Occlusion of the superficial scalp 
veins must begin before the drugs are given and, to be 
effective, must be extended beyond the time of the peak 
plasma drug levels. 10-12 

Various types of scalp icing devices have been manufac- 
tured by several different American companies. Although the 
Food and Drug Administration had initially approved the 
marketing of cooling caps intended to cause localized scalp 
hypothermia, early in 1990 the FDA reviewed these applica- 
tions and became concerned that the safety and efficacy of 
these devices had not been substantiated by adequate clinical 
data. 5 * 13-17 Regulatory action was initiated to address the 
following concerns: 

• The potential for scalp metastasis posed by the use of these 
devices 

• The potential for reducing drug circulation to other ana- 
tomic sites beyond the scalp such as the skull and possibly 
the brain 

• The effectiveness of preventing hair loss and how specific 
cytologic doses and other variables affected the results 
achieved. Therefore, the FDA halted the commericial dis- 
tribution of these devices, and 5 years after their with- 
drawal, no company has come forward with supporting 
clinical evidence of reasonable safety and effectiveness, ac- 
cording to Frances Moreland Curtis of the Division of Gen- 
eral and Restorative Devices, FDA (written communica- 
tion, August 1995). 
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TABLE 53.6-1. Single Agents With Potential to Induce 
Reversible Alopecia* 



Amsacrine 

Bleomycin 

Cyclophosphamide 

Dactinomycin 

Daunorubicin 

Doxorubicin 

Epirubicin 

Etoposide 

Vincristine 

5-Fluorodeoxyuridine (FUDR) 



5-Fluorouracil 

Hydroxyurea 

Ifosfamide 

Methotrexate 

Mitoxantrone 

Mitomycin 

Melphalan 

Paclitaxel 

Vinblastine 



* The degree or onset of alopecia is inversely proportional to dose, 
schedule of sequences, rate of delivery, route of delivery, and various 
combinations of agents used concurrently. 5 



Although there are indications that continuous flow systems 
with thermostatically controlled cooling caps are still used in 
Europe, they seem to be limited to regimens containing a single 
anthracycline alopecia-inducing agent. 17 Limitations of safety 
and inconclusive and conflicting reports of the results of the 
usefulness of scalp hypothermia should be factors discussed 
with patients seeking information about these devices and hair 
preservation techniques. 
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Gonadal Dysfunction 



For young adults who have cancer the success of treatment with 
regimens that are toxic to gonadal function has made infertility 
an important problem. When the cancer is controlled, quality 
of life then becomes a major issue. To many of these young 
persons, quality of life includes their ability to have a normal 
child. This is especially so because many of the life-threatening 
or debilitating effects of cytotoxic therapies can now be miti- 
gated. 

Both neoplastic disease and its treatment interfere with nor- 
mal sexual and reproductive function (Table 53.7-1). Testicu- 
lar and ovarian cancer directly involve the gonad, and prostate, 
endometrial, and cervical cancer directly involve the reproduc- 
tive tract. Surgical treatment for any of these diseases results 
by necessity in the loss of these important reproductive organs. 
Retroperitoneal lymph node dissection (RPLND) for testicular 
and colon cancer, prostatectomy, and surgery involving the 
bladder neck may result in loss of the ability to ejaculate. Pri- 
mary and metastatic tumors in the hypothalamus and pituitary 
can directly affect gonadotropin secretion, resulting in second- 
ary hypogonadism. Both chemotherapy and radiation can 



cause a variety of toxic effects on the male and female gonads. 
Cytotoxic therapies delivered to women during pregnancy can 
have teratogenic effects on the fetus, the discussion of which 
is beyond the scope of this chapter. 1,2 If fertility is maintained 
or recovers, there remains the concern about the heritability 
of cancer and at least a theoretical risk of mutagenic alterations 
to germ cells caused by cytotoxic therapies. In addition, social 
and behavioral responses to cancer and its therapy affect sex- 
uality. 

The reproductive consequences of cancer therapy affect 
many people. In the United States, 9100 male patients ages 
15 to 35 are diagnosed each year with Hodgkin's disease, 
lymphoma, bone and soft tissue sarcomas, testicular cancer, 
and leukemia. 3 Of these, about 1400 are treated with high 
doses of procarbazine, cyclophosphamide, radiation, or . cis- 
platin sufficient to induce prolonged azoospermia. Similarly 
60,000 females between 15 and 50 are diagnosed with breast 
cancer (mostly), Hodgkin's disease, lymphoma, and leukemia; 
at least 80% of these patients are treated with radiation or 
alkylating-agent-based cytotoxic therapies. These treatments 
cannot only cause sterility, but also premature menopause 
and the associated estrogen deficiency. In addition, 7500 
children under 15 are diagnosed each year with cancer, 
including leukemia, nervous system tumors, lymphomas; 
and other solid tumors. 4 Survival is approaching 80%, and 
since 85% of these children receive chemotherapy or gonadal 
or pituitary irradiation, reproductive dysfunction is a signifi- 
cant concern. 
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Abstract 

Purpose We conducted a phase I study to determine the 
recommended dose of selenomethionine (SLM) in combi- 
nation with irinotecan that consistently results in a protec- 
tive plasma selenium (Se) concentrations > 1 5 uM after 
1 week of SLM loading. 

Experimental Design A 3-3 standard escalation design 
was followed. SLM was given orally twice daily (BID) for ( 



V 



— \ \ \ — 

Results Thirty-one^ patients were treated on study. Dose 22 
limiting diarrhea complicated by sepsis was noted in one of 23 
six patients^at each^df the dose-levels 1 and 7. Dose- 
levels >"5 (4,800 meg/dose loading maintenance) resulted 
in day 8, Se concentrations >15 uM while dose-level 7 



(7,200 meg/dose loading and maintenance) resulted in day 
/^8> Se^cqncentrations > 20 uM. No significant variations in 
N SN-38/or biliary index were noted between weeks 1 and 4 



one week (loading) followed by continuous once daily 
(QD) dosing (maintenance). Seven dose levels of seleno- 



nously at a fixed standard weekly dose, starting bn/the -first 
day of maintenance SLM. 



\ 



A ^ 



y 



of treatment. Despite achieving target Se concentrations, 
gastrointestinal and bone marrow toxicities were common 
methionine were investigated. Irinotecan was given-intrave^' and irinotecan dose modification was prevalent. Objective 

responses were seen in two patients and nine patients had 
disease control for 6 months or longer. 
Conclusions Selenomethionine can be escalated safely to 
7,200 meg BID x 1 week followed by 7,200 meg QD in 
combination with a standard dose of irinotecan. No major 
protection against irinotecan toxicity was established; how- 
ever, interesting clinical benefits were noted-supporting the 
investigation of this combination in future efficacy trials. 

Keywords Selenomethionine • Irinotecan • 
Pharmacokinetics • Phase I • Colon cancer 
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Introduction 

Selenium is an essential trace element with a worldwide 
average nutritional intake of 50-350 ug/day. Dietary sele- 
nium deficiency has been associated with an increased risk 
of carcinogenesis and of increased mortality [1, 2]. Multi- 
ple other epidemiological studies have suggested that 
higher Se blood levels are protective against the develop- 
ment of various solid tumors [3-12]. Clark et al. [13] inves- 
tigated the use of 200 ug/day of Se (as selenized yeast) as a 
chemoprevention agent for non-melanoma skin cancer. 
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main objectives were to determine the minimum and the 
maximum safe dose of SLM that results is Se plasma con- 
centrations exceeding 15 uM. Our rationale behind escalat- 
ing SLM beyond doses achieving the target protective 
threshold were based on the selenium dose-dependent anti- 
tumor synergy detected between irinotecan and organic 
selenium compounds [17, 18]. 



Materials and methods 



Selenium supplementation resulted in a significant reduc- 
tion in total cancer mortality and total cancer incidence 
including lung, colorectal, and prostate cancers [13, 14]. 
Furthermore, a retrospective analysis of baseline Se levels 
in patients with non-Hodgkin's lymphoma showed a posi- 
tive correlation between plasma Se levels and chemother- 
apy dose-delivery and outcome [15]. In a multivariate 
analysis, Se was the most important factor affecting sur- 
vival with a hazard ratio of 0.76 for every 0.2 uM increase 
in concentration [15]. 

Given the favorable epidemiological data and the 
decreased chemotherapy-related toxicity in patients with 
normal or elevated serum selenium concentrations, our 
group has investigated the utility of high dose selenium 
supplementation with chemotherapy in pre-clinical models. 
We have shown that the organic selenium compounds SLM 
and methylselenocysteine (MSC) decrease irinotecan- 
induced toxicity in nude mice while at the same time 
increasing irinotecan antitumor activity [16]. The optimal 
protective effects of SLM against chemotherapy toxicity 
were noted when SLM was started 1 week prior to chemo- 
therapy [16]. Furthermore, this protection against normal 
tissue toxicity was found to be dose dependent for both 
MSC and SLM with the threshold protective Se concentra- 
tion with SLM being 15 uM [17, 18]. 

Based on these encouraging preclinical data, we initially^ 
conducted a phase I clinical trial of a fixed dose of SML at solid tumor that was metastatic or unresectable and for 



This phase I, open-label, dose-escalation study of SLM in 
combination with a fixed dose of irinotecan was conducted 
at Roswell Park Cancer Institute (Buffalo/ NY). The pri- 
mary objective of the study was to v detenninc the lowest and 
highest safe doses of SLM Umongjseven dose-levels that 
result in Se plasma ^con^ntfations exceeding 15 uM on 



days 8 and 29 of SLM x whenIcpmbined with a fixed dose of 



weekly intravenous 



\ 



irinotecan. 



Secondary objectives 



included the evaluation of pharmacokinetics of SLM and 



irinotecan, -the v description of treatment-related toxicities, 
and the^description of any observed clinical responses. 

Patient criteria 

Patients with a histologically or cytologically confirmed 



\ 



2,200 ug/day (pg of elemental Se) in combination^ with 
escalating doses of weekly irinotecan [19]. Contrary to^mir 
expectations, we were not able to escalate irinotecan 
beyond its established recommended dose'of 125 mg/m 2 / 
week [19]. However, interesting clinie1al^re_sponses were 
noted on this study, particularly in a. previously^ irinotecan- 
resistant patient who achieved thejiighest-plasma concen- 
tration of Se [19]. Pharmacokinetic analysis on our initial 
phase I study confirmed that plasma concentrations of Se 
after 1 week of 2,200 ug?day^t^S^M loading (on the first 



dose of irinotecan j ^administration) were suboptimal 
(< 10 uM), suggesting\that higher doses of SLM are needed 
to test adequately for normal tissue toxicity protection [19]. 

We have4hus\designed and conducted a sequel phase I 
clinicaLirial ^determine the optimal dose of SLM that 
results in Se concentrations exceeding the 15 u.M threshold 
for protection against toxicity. Based on our prior pharma- 
cokinetic modeling and the estimated 1 month lag for 
steady state Se concentration with daily administration of 
SLM [19], we elected to investigate a 1 week BID SLM 
loading schedule followed by a lower QD SLM mainte- 
nance dosing with the goal of achieving our target 15 uM 
Se concentration by the end of the loading phase. We main- 
tained irinotecan dosing at a fixed recommended dose of 
125 mg/m 2 /week to be started on the eighth day of SLM, 
i.e. after completion of the loading SLM phase. Our two 



o which standard curative or palliative measures did not exist 



or for whom single agent irinotecan constituted a reason- 
able treatment option were eligible for the trial. The last 
chemotherapeutic or radiation treatment was at least 
4 weeks (6 weeks for nitrosureas or mitomycin C) prior to 
trial enrollment. Other criteria included age > 1 8 years of 
age, ECOG performance status < 1, estimated life 
expectancy > 12 weeks, no central nervous system involve- 
ment, adequate bone marrow function (neutrophils > 
1 ,500/uL, hemoglobin > 8.0 g/dull, platelets > 100,000/ 
uL), adequate hepatic function [serum bilirubin < upper 
limit of normal range (ULN), serum aspartate aminotrans- 
ferase (AST) and alanine aminotransferase (ALT) < 2.5 
x ULN], and adequate renal function (creatinine < 1.5 
ULN or creatinine clearance > 60 mL/min). The study 
excluded patients unable to receive oral medications, 
patients with brain metastases, patients with a history of 
Gilbert's syndrome, and patients with active inflammatory 
bowel disease or chronic diarrhea. HIV positive patients 
were not eligible because of possible pharmacokinetic 
interaction with anti-retroviral drugs. Patients with>G2 
neuropathy (NCI CTC 3.0) were excluded because of con- 
cerns about possible exacerbation of neurotoxicity with 
SLM. Patients with reproductive potential had to agree to 
use adequate contraception prior to study entry and for the 
duration of study participation. The study and consent form 
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154 were approved by the institutional scientific and review 

155 committee (SRC) and the institutional review board (IRB) 

156 prior to its activation. All patients provided signed 

157 informed consent before study entry. The study was con- 

158 ducted in accordance with the good clinical practice guide- 

159 lines as issued by the international conference on 

160 harmonization and the declaration of Helsinki. 

16 1 Study design and treatment plan 

1 62 Dose escala tion 



Table 1 Dose levels of selenomethionine 



163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 



183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 



Three patients were entered at each dose level. In the 
absence of dose limiting toxicity (DLT), the next dose level 
was explored. If DLT was seen in one patient, three further 
patients were added at that dose level and, if no additional 
DLT was seen, escalation to the next dose level occurred. If 
at least two patients had DLT at a given dose level, accrual 
to that dose level was stopped; this was the maximally 
administered dose. Further patients were then added, as 
required, to the previous dose level (and if necessary to 
lower dose levels) to establish the highest dose at 
which < 2/6 patients had DLT. This was the maximum tol- 
erated dose (MTD). No dose escalation was allowed 
beyond dose level 7 as the number of pills to be adminis- 
tered per day beyond that level was thought to be limiting^ 
In the event that escalation to dose level 7 was feasiblcand 
no DLT were noted in the first 3 patients at that dose (level, 
dose level 7 was to be expanded to 6 patients to determme 



Phase 1 escalation schema 


Dose 


SLM loading 


SLM maintenance 


Irinotecan 


level 


(D-7-D-1) 0 


(Dl and on) 


(mg/m 2 ) Q week 




(meg PO BID) 


(meg PO QD) 


(start onDl) 


1 


3,200 


2,800 


125 


2 


3,200 


3,200 


125 


3 


4,000 


3,200 


125 


4 


4,000 


4,000 


,125 

\V 25 


5 
6 
7 


4,800 
5,600 
7,200 


4,800 

5,600 ^ 

7,200 /( " x 



Day 1 follows day- 1 (no day 0) 




J 



if this was the MTD among the 7 levels investigated J. No 



intra-patient escalation was allowed. 



V 



A 



Ss ) t_ y 

7 



1 82 Treatment schedule 



V 



Selenomethionine was given ~PO "twice daily (loading 
phase) starting 1 week prior'\to the first dose of irinotecan 
and subsequently once -claily v ( maintenance phase). SLM 



/r 



was administered in the form, of 800 or 400 meg capsules 
(Sabinsa Inc.). Seven dose levels of SLM were to be inves- 
tigated (Table 1). Irinotecan was administered intrave- 
nously (i.v^ai^fixedMose of 125 mg/m 2 in 500 cc of 
normal saline (NSjfcver 90 minutes once weekly x 4 every 
6 weeks (one cycle) [20]. Patients were medicated with 
dexamethasone' 10 mg (i.v.) and palonosetron 0.25 mg (i.v.) 
prior to irinotecan. 



194 Dose limiting toxicities 

195 A dose limiting toxicity was any of the following attribut- 

196 able to study treatment on cycle 1: any non-hematological 

197 grade (G) 3 or 4 toxicity, with the exception of G3 diarrhea 

198 lasting less than 48 h; any G4 thrombocytopenia or any G3 

199 thrombocytopenia lasting more than 6 days; any G4 neutro- 



penia lasting more marr6 flays ofcariy G4 neutropenia asso- 200 

ciated with fever; any-dbse^delay secondary to toxicity that 201 

lasts 2 or more weeks or results in giving less than 3 of the 202 

4 scheduled weekly^irinotecan treatments on the first cycle. 203 

G3 hypomagnesemia/t}3 hypophosphatemia, G3 hypoka- 204 

lemia„and sodium levels of 128-130 mmol/1 were not con- 205 

sidered DLT^unless they were persistent for more than 48 h 206 

despite, medical intervention or in case they resulted in 207 

hospitalization. 208 

Dose modifications 209 

Dose modifications for irinotecan were required for G2 and 210 

higher toxicities (Table 2). Treatment was interrupted for 211 

any G3 or higher toxicity; missed treatments were not made 212 

up. A cycle was not to be started unless the absolute neutro- 213 

phil count (ANC) recovered to > 1,500/ml and the platelets 214 

to > 75,000/ml and non-hematological treatment related 215 

toxicities improved to<Gl. Patients were instructed to 216 

take loperamide 4 mg PO at the onset of diarrhea and 2 mg 217 

every 2 h until diarrhea resolved. No growth factors were 218 

allowed on the study with the exception of recombinant 219 

erythropoietin . 220 

No dose modification was allowed for SLM; however, 221 

the total daily dose of SLM could have been divided into 222 

2-3 doses/day in case of dyspepsia. 223 

Clinical evaluation and follow-up 224 

A complete medical history, physical examination, preg- 225 

nancy test for women with reproductive potential, complete 226 

blood count (CBC), and comprehensive chemistry profile 227 

(electrolytes, BUN, creatinine, magnesium, lactate dehy- 228 

drogenase, ALT, AST, bilirubin) were obtained within a 229 

week prior to treatment initiation. Baseline CT scans were 230 

obtained within 4 weeks prior to initiation of treatment. 23 1 

CBC and comprehensive chemistry were repeated on a 232 
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Table 2 Irinotecan dose modifications for hematological and non-hem atological toxicities 



233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 

244 
245 



247 
248 
249 
250 
251 
252 
253 
254 



During same cycle 



During next cycle 



No Toxicity 


Maintain dose level 




Maintain dose level 


Grade 1 


Maintain dose level 




Maintain dose level 


Grade 2 a 


Reduce by 25 mg/m 2 for dose level 1 . 

RfHnrp td nrior Hdrp IpvpI for dose 

level 2 and above 




Maintain dose level for dose level 1 . 
Reduce to prior dose level for 
dose level 2 and above 


Grade 3 
Grade 4 


Omit until Grade 2 or less and then 
decrease by 25 mg/m 2 for dose level 1 . 
Reduce to prior dose level for dose 
level 2 and above 

Omit until Grade 2 or less and then decrease 
by 50 mg/m 2 for dose level 1. Decrease 
dose by 40 % for dose level 2 or above 




Decrease by 25 mg/m 2 for dose level 1 . 
Reduce to prior dose level for dose 
level 2 and above jt\ 

Decrease by 50.mg/m\f6r dose level 1 . 

6- — - > ^ 
Decrease dose by 40%^for 

dose level 2 x or above 



No dose-modification indicated for correctable electrolyte disturbances, hyperglycemia, 
emetic therapy, alopecia, or toxicities that are not related to study drugs (irinotecan and 
ance (example grade 3 pain secondary to bony metastases) 

a Grade 2 hematological toxicities did not require dose modification on the next cycle 



vomiting that has not been treated with the maximum anti- 
SLM) but do not interfere with} drug metabolism or clear- 



weekly basis on the first cycle (including the two-week 
break) and prior to planned irinotecan treatments on subse- 
quent cycles. Medical history, physical examination, and 
toxicity assessment as per NCI CTC 3.0 were performed 
weekly on the first cycle and on weeks 1 and 3 of subse- 
quent cycles. CT scans were repeated every 2 cycles 
(12 weeks) to assess response. Responses were categorized^ 
according to the RECIST criteria [21]. f 





CPT-ll'<SN^38\and SN-38G were measured using reverse 

*x \ \ 1 ° 

phase^HPLC with fluorescence detection as described on 
ourvprior phase I clinical trial with identical sample prepa- 
^fation^and HPLC conditions [19]. 



7* 



SLM treatment compliance was evaluated via a combi- n 



nation of a study specific patient diary and a mohthly s pill 



count. 



Pharmacokinetics: sample collection, preparation, 
and analysis ^ "\ 




246 Sample collection 



¥ 



Measurement of irinotecan (CPT-11 ), SN-38 and SN-38G 262 



263 
264 
265 
266 

267 

268 
269 
270 
271 
272 
273 
274 
275 



Trough samples of blood^fb^Se levels were collected in 
trace element free hepannized tubes on days 1, 2, 8, and 28 
prior to the administration of SLM. Multiple samples of 
blood for phamacokinetic determinations of CPT-11, 



Kfiafmacokinetic data analysis: 

PK analysis of the concentration-time data for CPT-1 1 , SN- 
38 and SN-38G was carried out using non-compartmental 
methods using WinNonlin version 5.0 (Pharsight Corpora- 
tion, Lexington, KY). Specific concepts behind the calcula- 
tions of some of the derived parameters have been 
described before [19]. Summary statistics and comparisons 
wee made using SAS statistical software (PROC Mixed, 
SAS version 8.02, Cary, NC). 



Results 



/ 



SN-38 and ,SN : 38G were collected in separate heparinized Demographics 



tubes on-week^l of irinotecan administration and again on 
week 4 to.evaluate potential effects of Se on CPT- 1 1 phar- 
macokinetics and metabolism. 



255 Selenium measurements 

256 Selenium in plasma was measured by graphite furnace 

257 atomic absorption spectrophotometry using PE ZL4100 or 

258 PE analyst as has been described previously [19]. Quality 

259 assurance was maintained by running quality control sam- 

260 pies assayed every time the patient samples are run as 

26 1 described earlier [19]. 



Between October 2004 and June 2006, 31 patients 
(27 evaluable) were entered on study. Four patients were 
not evaluable for treatment induced toxicity and are 
detailed below. One patient withdrew from study on her 
third week of treatment because of symptoms of progres- 
sive disease. One patient with a large ventral hernia devel- 
oped a bowel incarceration early in her treatment that was 
deemed unrelated to study drugs and was taken off study. 
One patient was taken off study because of non-compliance 
with SLM treatment in the loading part of the study. The 
last non-evaluable patient was taken off study on day 1 of 
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277 

278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
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Table 3 Patient characteristics 



298 
299 
300 
301 
302 
303 
304 
305 
306 
307 



Patient characteristics (n = 27 evaluable) 




Gender (male/female) 


20/7 


Age (median/range) 


57/21-74 years 


ECOG (0/1) 


16/11 


Primary tumor 




Colorectal 


22 


Small lung cancer 


2 


Non-small cell luns cancer 


1 


Sarcoma 


1 


Urachal 


1 


Prior chemotherapy 


27 


Prior irinotecan chemotherapy 


12 


Prior radiation therapy 


10 



289 irinotecan as she was found to have pre-existing hallucina- 

290 tions that were related to narcotic treatment. These four 

291 patients were excluded from the toxicity analysis and 

292 efficacy analysis, as they were withdrawn from study prior 

293 to completing the first cycle of treatment. None of these 

294 four patients had evidence of treatment related toxicity at 

295 the time of their withdrawal from study. The characteristics 

296 of the 27 evaluable patients are listed in Table 3. 



297 Treatment administration 



Thirty-one patients received treatment on study^of^whdm,^ 
27 are evaluable. All seven-dose levels of SLMiwere^inVes- 




tigated. The median number of cycles administered\was 2 
(range 1-8), with a total of 90 cycles administered on study. 



Six patients received 6 or more cyclesrAll "patients received 
all intended SLM treatment .without- any scheduling 
modification. However, dose-modification of irinotecan 
was common. Nineteen patients required irinotecan dose 
interruption or reductic^^ur^g^t^rlrst cycle due to treat- 
ment toxicity-as mandated pen study protocol. 



Twenty-seven patients were evaluated for treatment-related 
toxicity. x 0nly > G2 toxicity data attributed to study 



308 Toxicity 



309 
310 



treatment are reported. Treatment-related G2-G4 toxicities 
are summarized in Tables 4 and 5. 

Hematological toxicity 

Neutropenia was the predominant hematological toxicity. 
Cycle 1 G3 neutropenia was noted in one patient at dose 
level 1, one patient at dose level 3, and 3 patients at dose 
level 7. No G2 or above thrombocytopenia was noted on 
treatment. Hematological toxicities are detailed in Table 4. 

Non-hematological toxicity \ \ 

The most common > G2 non-hematological adverse event 
was diarrhea. Six patients cxperiehccd : G2 diarrhea and 5 
experienced G3 diarrhea on' cycle l) G3 diarrhea occurred 
in one patient at DL 1 2-pati X ents at DL5 , and 2 patients at 
DL7. Grade 3 diarrnea^ffiStBd'> 24 h in only 2 patients 
(DLT defining), /one on DLrl and the other on DL7. Other 
common non-hematological toxicities included nausea and 
vomiting v fatigue, and'abdominal cramps. Non-hematologi- 
cal toxicities v for cycle 1 and for ail cycles are detailed in 
TaWe^T 

Selenomethionine toxicity 




Selenomethionine was well tolerated in all patients. The 
only toxicity attributed to SLM was mild garlic-like odor 
(breath and urine) and was limited to Gl in about 50% of 
the patients. This was seen more commonly during the 
induction SLM week and tended to ameliorate or disappear 
with prolonged treatment. No skin or nail toxicities second- 
ary to SLM were documented. 

Dose limiting toxicities, maximum tolerated dose, 
and recommended dose 

Two patients experienced a dose limiting toxicity as defi- 
ned by the study protocol. One patient with extensive peri- 
toneal carcinomatosis experienced G3 abdominal pain, G3 
nausea and vomiting, G3 diarrhea, G3 neutropenia, and G3 
infection on his 3 week of treatment on cycle 1. Although 
his symptoms were partly attributed to disease progression 



331 
312 

313 

334 
315 
316 
317 
318 

319 

320 
321 
322 
323 
324 
325 
326 
327 
328 
329 

330 

331 
332 
333 
334 
335 
336 
337 

338 
339 

340 
341 
342 
343 
344 
345 



Table 4 Hematological toxicities (> grade 2) 



Toxicity 


DL1 (6pts) 
(G2/G3/G4) 


DL2 (3pts) 
(G2/G3/G4) 


DL3 (3pts) 
(G2/G3/G4) 


DL4 

(G2/G3/G4) 


DL5 

(G2/G3/G4) 


DL6 

(G2/G3/G4) 


DL7 

(G2/G3/G4) 


Neutropenia cycle 1 


1/1/0 


2/0/0 


0/1/0 


0/0/0 


0/0/0 


0/0/0 


1/3/0 


Neutropenia all cycles 


1/1/0 


1/1/0 


0/1/0 


0/0/0 


0/0/0 


0/0/0 


1/3/0 


Anemia cycle 1 


1/0/0 


0/0/0 


1/0/0 


1/0/0 


0/0/0 


0/0/0 


0/0/0 


Anemia all cycles 


1/0/0 


0/0/0 


1/0/0 


1/0/0 


0/0/0 


0/0/0 


0/0/0 
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346 with partial small bowel obstruction, treatment related tox- 

347 icity could not be ruled out as a contributing factor. DL1 

348 was expanded to 6 patients without any further DLT. Fur- 

349 ther escalation of SLM did not result in any further DLT 

350 until DL7. At DL7, none of the first 3 patients experienced 

351 a DLT. Since DL7 was the highest dose level to be investi- 

352 gated, this cohort was expanded to 6 patients to determine 

353 if it fits the maximum tolerated dose (MTD) definition. The 

354 sixth patient on DL7 experienced a DLT. This patient, sim- 

355 ilar to the patient with DLT on DL1, suffered from exten- 

356 sive peritoneal carcinomatosis. On her second week of 

357 treatment, she experienced symptoms of partial small 

358 bowel obstruction with G2 N/V and DLT defining G3 

359 infection, neutropenia, diarrhea, and hyponatremia. 

360 The non- tolerable dose of SLM was not defined on this 

361 study. The MTD of SLM among the seven dose levels 

362 investigated was defined as DL7, consisting of SLM at 

363 7,200 meg PO BID x 1 week followed by 7,200 meg PO 

364 QD. Given the tolerability of DL7 and the achievement of 

365 the target Se concentrations at that dose level (see PK sec- 

366 tion), DL7 was also declared the recommended dose for 

367 future studies. 

368 Antitumor activity 



369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 



Selenium levels in plasma 

Levels of Se in plasma of patients after a loading dose of 
SLM for 7 days and after 3 weeks of maintenance dosing 
are presented by dose level of SLM administered in 
Table 6. As evident from the data, while there is a signifi- 
cant inter-patient variability in selenium levels achieved by 
day 8, all patients had Se levels greater than 15 uM by dose 
level 5 (4,800 ug BID). All patients at dose level 7 had 
greater than 20 uM Se concentrations in plasma by day 8. 
The mean ± SD of Se levels at dose levels\5 (n = 3), 6 
(n = 4) and 7 (n = 6) on day 8 were 2Q.8J^6," 16.94 ± 2.5 



and 30.7 ± 10.6 uM, respectively. Theresas no significant 

further accumulation of Se on the maintenance dose admin- 

\ \ ^ 

istered for further 3 weeks untiKdose level 7, as evident 

t\ \\ 

from the Se levels in plasma measured on day 28. At dose 
level 7, for the 4 patientSvwhere.data were available on day 
8 and day 28, the melui WsDjDf Se in plasma on day 8 and 



Twenty-five patients were e valuable for radiographic 
response. The two patients with DLT did not have f edn- 
firmed radiographic progression but suffered from symp- 
toms of peritoneal carcinomatosis progression/with^the^ 
development of partial small bowel obstruction- , Two 



28 were 26.7 ±^7c6 v and 34.09 ± 9.0 uM respectively. 

Serum Se levels was measured every 6 weeks in patients 
who remained on study for more than one cycle. Selenium 
levels reached^plateau in these patients at levels similar or 
slightly highenthan the day 28 levels. 



^Irinotecan pharmacokinetics 



patients had a partial response (PR). Both ~patients % had a 
diagnosis of colorectal cancer and both*had>previousiy pro- 
gressed on 5-FU, leucovorin. oxaliplatin, andbevacizumab 
but had no prior irinotecan exposure. v/ The responses lasted 
for 7 and 10 months from initiation x of, study treatment. 
Twelve patients had stable .disease (SD), 6 of which were 
confirmed with subsequent CT scans as per RECIST crite- 
ria. The 6 confirmed SD lasted between 7 and 12 months. 
Five of the 6 patients had a diagnosis of metastatic colorec- 
tal cancer and- one patient had non-small cell lung cancer. 
Four patients^ with ^ confirmed SD had prior irinotecan 
exposureincluding x ,ohe case with prior irinotecan refractory 



disease. 



... /! 



387 Pharmacokinetics 

388 Day 8 Se levels are available for 31 patients and Day 28 

389 levels for 21 patients. 

390 Pharmacokinetic data for CPT-11, SN-38 and SN-38G 

391 are available for 26 patients on Week 1 of irinotecan 

392 administration (7 days after the loading dose administration 

393 of SLM) and 1 1 patients on week 4 of irinotecan adminis- 

394 tration (28 days after the maintenance dose of SLM). 



With a goal to determine whether chronic administration of 
j\ Se affects the PK and metabolism of irinotecan, the pharma- 
cokinetics of CPT-11 and its major metabolites SN-38 and 
SN-38G have been evaluated after the first dose of irino- 
tecan (week 1), and again after the fourth dose (week 4) 
(Table 7). It is apparent from the data that all the derived 
PK parameters for CPT-11 and the metabolites are 
unchanged between week 1 and week 4 when the patients 
are on the daily dose of SLM for 3 weeks. A trend towards 
decline in SN-38 AUC is suggested from the data and cal- 
culated biliary index, but is not statistically significant 
(p = 0.31). While the biliary index is a measure of conver- 
sion of SN-38-SN-38G relative to its synthesis from CPT- 
1 1, the data do not suggest any increase in SN-38G AUC. 

Day 8 plasma selenium concentration and toxicity 

The protective effects of plasma Se on irinotecan induced 
gastrointestinal and bone marrow toxicity in the evaluable 
population was explored by stratifying patients into 3 
groups according to their Day 8 (day of first irinotecan 
dose) Se concentration. Since diarrhea and neutropenia are 
the most prevalent irinotecan related toxicities, only these 
two toxicities were captured for this exploratory analysis. 
Eight patients had a suboptimal Se concentration 
of<15uM on Day 8 of SLM; 2/8 had G3 and 5/8 
had > G2 diarrhea or neutropenia. Eleven patients had Day 
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Table 6 Se levels on day 8 and 
day 29 in patience receiving 
selenomethionine 



a Day 29 sample was not 
collected 

b Non-compliant 



Dose level 
(loading meg BID/ 
maintenance meg QD) 



Pt no 



Day 8 selenium level 



Day 28 selenium level 



ng/ml 



uM 



ng/ml 



DL1 (3,200/2,800) 
DL1 (3,200/2,800) 
DL1 (3,200/2,800) 
DL1 (3,200/2,800) 
DL1 (3,200/2.800) 
DL1 (3,200/2,800) 
DL2 (3,200/3,200) 
DL2 (3,200/3,200) 
DL2 (3,200/3,200) 
DL2 (3,200/3,200) 
DL3 (4,000/3,200) 
DL3 (4,000/3,200) 
DL3 (4,000/3,200) 
DL3 (4,000/3,200) 
DL4 (4,000/4,000) 
DL4 (4,000/4,000) 
DL4 (4,000/4,000) 
DL5 (4,800/4,800) 
DL5 (4,800/4,800) 
DL5 (4,800/4,800) 
DL6 (5,600/5,600) 
DL6 (5,600/5,600) 
DL6 (5,600/5,600) 
DL6 (5,600/5,600) 
DL7 (7,200/7,200)^ 
DL7 (7,200/7,200)0 
DL7 (7,200/7^200) 
DL7 (7,200/7 ,200)^ .7 

DL7<7,200/7,2oV 
DL7s(7|20Q^500) 
^^^200/7,200) 




866 
1,598 

No sample 3 
No sample 3 
1,237 
1,216 
721 



No sample 

j \ 

1,195 



Vi y 



sNo sample 

N \ 

No sample 3 
rtf 1 1 

No sample 3 
No sample 3 
1,006 
1,395 
1,413 
1,297 
2,276 
1,481 
1,894 

No sample 3 
1,528 
1,662 
2,608 

No sample 3 
3,173 
1,719 
3,272 

No sample 3 



uM 



10.96 
20.23 



15.66 
15.39 
9.13 

15,53 
15.13 



12.80 



12.73 
17.66 
17.89 
16.42 
28.81 
18.75 
23.97 

19.34 
21.04 
33.01 

40.16 
21.76 
41.42 



8 plasma Se concentrations f , ranging > 15 and<20jiM; 
3/11 had G3 and/7/11 had .2 G2 diarrhea or neutropenia. 
Eight patients had-Day "8 plasma Se concentrations > 
20 uM; 4/8, had G3 arid 5/8 had > G2 diarrhea or neutrope- 
nia. Although ho formal statistical analysis was performed, 
higher Se concentrations prior to initiation of irinotecan did 
not seem predictive of protection against diarrhea or neu- 
tropenia. 



45 1 Discussion 

452 We had previously demonstrated that the administration of 

453 daily SLM or MSC, starting one week prior to initiation of 

454 weekly irinotecan therapy, reduces irinotecan-induced tox- 

455 icity and improves antitumor activity in preclinical models 



[16, 17]. In a previous phase I study we tested the ability of 456 

SLM to attenuate irinotecan toxicity by assessing the feasi- 457 

bility of irinotecan escalation beyond the previously recom- 458 

mended MTD of 125 mg/m 2 when combined with a fixed 459 

dose of SLM of 2,200 meg/day in patients with advanced 460 

solid tumors [19]. Escalation of irinotecan was not possible 461 

on that study secondary to DLT consisting of prolonged G3 462 

diarrhea [19]. However, Se concentrations on the day of 463 

initiation of irinotecan were suboptimal in all patients 464 

(< 10 uM), significantly less than the optimal concentration 465 

of 15 uM and higher [19]. Other findings included interest- 466 

ing clinical benefits in a variety of solid tumors and a reduc- 467 

tion in biliary index when comparing week 4— week 1 of 468 

irinotecan pharmacokinetics. 469 

We thus conducted this sequel phase I trial to determine 470 

the dose of SLM that results in Se concentrations that 471 
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Tabic 7 Summary of PK parameters for CPT-1 1 , SN-38, and SN-38G 



C max (ng/ml/mg/m 2 ) 



Half-life (h) 



V/ D (LVm 2 ) 



CL (L/h/m 2 ) 



AUC inf (ng h/ml) 



Biliary Index 3 



CPT-1 1 














Week 1 


15.8(28) 


8.6 (22) 


91 (37) 


11.9 (31) 


11,582 (33) 


5,450(122) 


Week 4 


14.6 (25) 


8.3(13) 


86 (21) 


13.1 (29) 


10,398 (32) 


3,123 (47) 


SN-38 














Week I 


0.9 (37) 


19.5 (64) 


2,422 (53) 


132.8(61) 


1,256 (60) 




Week 4 


0.9 (64) 


16.8(40) 


2,850 (58) 


157.6 (57) 


1 ,059 (6 1 ) 




SN-38G 












/A 


Week I 


1.8 (40) 


14.7 (44) 


798 (58) 


37.2 (58) 


3,483 (49) 




Week 4 


2. 1 (34) 


14.2 (23) 


748 (54) 


42.6 (46) 


3,446 (38) , 
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486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
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4 



1 \_ 



X 



) 



\ 



/.... 



If 

All values are mean (CV%) 
Week 1, N= 26; Week 4, W= 11 
a Biliary index = (AUC CPT . U AUC SN _ 38 )/AUC SN _ 38G 
P = 0.31 for biliary index between week 1 and 4 (paired /-test) 

exceed the threshold of 15 uM and to further evaluate the 
effects of prolonged SLM administration on irinotecan 
pharmacokinetics. Simulation analysis of the data from our 
initial study formed the basis for the design of the current 
escalation scheme for SLM. It is evident from the data pre- 
sented that a BID dose of SLM for one week can produce a 

level of 15 uM concentration in plasma. Much higher levels > normaljissue toxicity, the frequent attenuation of irinotecan 
in the order of ^25 uM are produced at the BID dose ofp\do^ing / on cycle 1 secondary to toxicity suggests lack of 
7,200 meg, although an occasional individual still shows major protection. In fact, 19 out of 27 patients required 



way to conclusively study SLM/irinotecan interaction 

'X X }/ ^ / 

would be to administer irinotecan alone followed by SLM 
plus irinotecan for ^definitive PK interaction study. This 
was not feasible in our phase I SLM escalation design. 

Despite - thef act that our study was not designed to inves- 
tigate)the^protective effects of SLM on irinotecan-induced 



poor absorption of Se. The accumulation of Se appears to | dose reduction in irinotecan in the first cycle of treatment, 
be limited as evident from the day 28 levels except at^the-/ To explore the possibility that higher Se concentrations 



highest dose of 7,200 ug SLM. 

We evaluated the changes in irinotecan^pharrhacokihet- 
ics by comparing week 4 to week 1 of <cycle>lr As'evident 
from the data, no significant changesrm PK; parameters for 
either CPT-1 1 or its metabolites are found from week 1 to 
week 4. A slight decline in SN-38, s AyG ; .is suggested from 



X 



the data and calculated biliary index^ but is not statistically 
significant (p = 0.31). Whilexthe biliary index is a measure 



of conversion of SN-38 to SN-38G relative to its synthesis 
from CPT-1 1, the^data dojipt suggest any changes in SN- 
38G AUC. Since thecalcuTation of biliary index is also tied 
to the AUC of CRT- 11 ~\\ is conceivable that changes in bil- 
iary index could yehcompass other metabolic reactions 
in volving^CKJ- M itself. We still cannot rule out an effect 
of SLM on irinotecan PKs based on the current data as both 
week 1 and 4 PK parameters were obtained in the setting of 
SLM treatment. It is possible that the difference in biliary 
index noted in the predecessor study (only 6 patients evalu- 
ated) was related to Se interaction with irinotecan that 
became evident due to the differences in Se concentration 
between week 1 and 4 [19]. On this current study, there has 
been no significant difference between Day 8 (week 1 irino- 
tecan) and Day 29 (week 4 irinotecan) Se concentrations 
and thus, possibly, the lack of evident interaction. The sole 



may be more protective, we stratified our patient population 
according to their Se level on the day of their first irino- 
tecan dose. Surprisingly, the rate of G2 and above toxicity 
did not seem to decrease with higher selenium concentra- 
tions. We continued to see significant irinotecan-induced 
toxicities even at the highest SLM cohort where Se concen- 
trations of 30 uM were seen. This suggests that if SLM has 
any protective effects against irinotecan toxicity, those pro- 
tective effects would be minimal. This is in contrast with 
the pre-clinical data generated by our group where SLM 
clearly allows the doubling of the maximum tolerated dose 
of irinotecan in nude mice. The discrepancy between our 
clinical and pre-clinical findings is poorly understood. It is 
likely that SLM may have different mechanisms of activity 
in mice in comparison to humans. Furthermore, despite the 
correlation between Se concentration and protective effects 
of SLM in mice, it is unclear that this endpoint is a valid 
surrogate endpoint of SLM activity in humans. Methylsele- 
nol has been previously established as the active metabolite 
of SLM; however, plasma Se concentrations do not reflect 
the concentrations of this active metabolite in patients [22]. 
Due to the instability and volatility of methylselenol no 
validated clinical assay has been formulated yet to test this 
metabolite. 
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542 We have seen a large number of disease stabilizations 

543 and two partial responses on this study. Some of the stabili- 

544 zations were prolonged and occurred in patients with previ- 

545 ously documented irinotecan-refractory disease. Although 

546 these should be considered anecdotal, these findings would 

547 not been inconsistent with the synergy described between 

548 irinotecan and organic Se [17]. 

549 Future studies should determine which tumors are most 

550 likely to benefit for the addition of high dose of SLM to the 

551 treatment reeimen. Selenomethionine has been shown to 

552 significantly alter the expression of 50 genes in the colorec- 

553 tal cancer cell line HCT1J6 [23]. Others have also shown 

554 that p53 status is predictive of the antitumor activity of Se 

555 compounds in vitro [24, 25]. Tumor molecular profiling 

556 before and after SLM treatment in future therapeutic trials 

557 may shed some insight on its mechanisms of activity and 

558 biological targets. 

559 Acknowledgments This manuscript was presented in part as a poster 

560 presentation as ASCO 2007. Selenomethionine was supplied as a gift 

561 by Sabinsa Pharmaceutical. This work has been supported in part by a 

562 grant from the American Cancer Society, Roswell Park Cancer Insti- 

563 tute Alliance, and by a Comprehensive Cancer Center Grant CA 16056. 



564 References 



565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 



1. Schrauzer GN, White DA, Schneider CJ (1977) Cancer mortality 
correlation studies-Ill; statistical associations with dietary^ sele- 
nium intakes. Bioinorg Chem 7(l):23-3 1 I ^ 

2. Clark LC, Cantor KP, Aliaway WH (1991) Seleniurrhn forage; 
crops and cancer mortality in U.S. counties. Arch/Environ, Health 
46( l):37^2 N^\V^ 

3. Helzlsouer KJ, Comstock GW, Morris JS (1989) Sdenium, lyco- 
pene, alpha-tocopherol. beta-carotene, retinol, ^ andjsubsequent 
bladder cancer. Cancer Res 49(2 1):6 1^4^ X \Y 

4. Burney PG, Comstock GW, Morris JS (1 989) Serologic precursors 
of cancer: serum micronutrients and tne.subsequent risk of pancre- 
atic cancer. Am J Clin Nutr 49(5): 895-900^ 

5. Glattre E et al (1989) Prediagnostic serum selenium in a case-con- 
trol study of thyroid cancer: Int J Epidemiol 18(l):45-9 

6. Jaskiewicz K et al (1988) Selenium and other mineral elements in 

fy\ !'> 

populations at risfcfor esophageal cancer. Cancer 62(12):2635-9 

7. Gerhardsson L et al\( 1985) Protective effect of selenium on lung 
cancer in smelter workers. Br J Ind Med 42(9):6 17-26 

P* N\ ~" - > 

8. Miyamoto H et a): (1987) Serum selenium and vitamin E concen- 
trations^ in families;o'f lung cancer patients. Cancer 60(5): 1 159-62 



9. Reinhold U etal (1989) Serum selenium levels in patients with 



malignant melanoma. Acta Derm Venereol 69(2): 132-6 



10. Westin T et al (1989) Circulating levels of selenium and zinc in 
relation to nutritional status in patients with head and neck cancer. 
Arch Otolaryngol Head Neck Surg 1 15(9): 1079-82 

11. Criqui MH et al (1991) Selenium, retinol, retinol-binding protein, 
and uric acid. Associations with cancer mortality in a population- 
based prospective case-control study. Ann Epidemiol l(5):385-93 

12. Hardell L et al (1995) Levels of selenium in plasma and glutathi- 
one peroxidase in erythrocytes in patients with prostate cancer or 
benign hyperplasia. Eur J Cancer Prev 4(l):91-5 

13. Clark LC et al ( 1 996) Effects of selenium supplementation for can- 
cer prevention in patients with carcinoma of the skin. A random- 
ized controlled trial. Nutritional Prevention of Cancer Study 
Group. Jama 276(24): 1957-63 //^ 

14. Duffield-Lillico AJ et al (2003) Selenium^supplementation and 
secondary prevention of nonmelaiioma. skin ^cancer in a random- 
ized trial. J Natl Cancer Inst 95(1 9): 1477-^1 A 

15. Last KW et al (2003) Presentation serum selenium predicts for 
overall survival, dose deli very^rand^first - treatment response in 
aggressive non-Hodgkin's lymphoma. J Clin Oncol 2 1(12): 23 3 5- 

41 _ V \ )} 

16. Cao S, Durrani FA, Rustiim YM_(2004) Selective modulation of 
the therapeutic efficacy of anticancer drugs by selenium containing 
compounds againsrhuman tumor xenografts. Clin Cancer Res 
10(7):2561-^f x y V 

17. Azrak RG et al (2007) Efficacy of increasing the therapeutic index 
of irinotecan, plasma* and tissue selenium concentrations is 
methylselenocysteine dose dependent. Biochem Pharmacol 
73(9):j2«Ky 

18 /Fakih M et al (2005) Selenium protects against toxicity induced by 
A^anticancer drugs and augments antitumor activity: a highly selec- 
live, new, and novel approach for the treatment of solid tumors. 
Ciin Colorectal Cancer 5(2): 1 32-5 

Fakih MG et al (2006) A phase 1 and pharmacokinetic study of 
Vlixed-dose selenomethionine and irinotecan in solid tumors. Clin 
I Cancer Res 1 2(4): 1 237^14 

•y 20. Rothenberg ML et al (1993) Phase I and pharmacokinetic trial of 
weekly CPT-1 1. J Clin Oncol 1 1(1 1):2194-204 

21 . Therasse P et al (2000) New guidelines to evaluate the response to 
treatment in solid tumors. European Organization for Research 
and Treatment of Cancer, National Cancer Institute of the United 
States, National Cancer Institute of Canada. J Natl Cancer Inst 
92(3):205-l6 

22. Ip C (1998) Lessons from basic research in selenium and cancer 
prevention. J Nutr 128(1 1): 1845-54 

23. Goulet AC et al (2007) Profiling of Selenomethionine Responsive 
Genes in Colon Cancer by Microarray Analysis. Cancer Biol Ther 
6(4) 

24. Fischer JL et al (2007) Chemotherapeutic selectivity conferred by 
selenium: a role for p53-dependent DNA repair. Mol Cancer Ther 
6(1):355-61 

25. Zhao R, Domann FE, Zhong W (2006) Apoptosis induced by sele- 
nomethionine and methioninase is superoxide mediated and p53 
dependent in human prostate cancer cells. Mol Cancer Ther 
5(12):3275-84 




587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 



Springer 




| Large 280 


631 


xxxx 


Dispatch: 31.10.07 No . of Pages: 10 


[Journal 


Article 


MS Code 


LE □ TYPESET □ CP 0 DISK 0 



